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(54) ULTRASONIC MOTOR 

(57) An ultrasonic motor 1 comprises a stator-side 
elastic member 30 having a rotationally symmetrical 
shape, a rotor-side elastic member 40 having a rotation- 
ally symmetrical shape, a stator-side piezoelectric ele- 
ment 31 for imparting vibrations to the elastic member 
30, a rotor-side piezoelectric element 41 for imparting 
vibrations to the elastic member 40, an output shaft 10 
rotating integrally with the elastic member 40, a rotary 
transformer 60 for supplying power to the piezoelectric 

FIG 



element 41 in non-contacting fashion, and housings 21 
and 22 for accommodating therein the above-enumer- 
ated elements, wherein of three transformer circuits in 
the rotary transformer 60, a middle transformer circuit 
C2 and an outermost transformer circuit C3 are used as 
a two-phase drive power transformer circuit. This con- 
struction achieves stable power supply to the rotor side. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to an ultra- s 
sonic motor wherein rotational displacement waves are 
generated on press-contact faces of a stator and rotor 
and a rotational motion is produced proportional to a 
frequency difference between two rotational displace- 
ment waves. The invention also relates to an ultrasonic w 
motor wherein a rotational motion is produced by gener- 
ating a rotational displacement wave on a press-contact 
face of a rotor. 

BACKGROUND ART « 

[0002] A conventional traveling wave ultrasonic 
motor comprises an annular stator and an annular rotor 
which are pressed together in contacting fashion, and 
an annular piezoelectric element bonded to a back sur- 20 
face of the stator, wherein in operation, the piezoelectric 
element is excited to generate a traveling wave on a 
press-contact face of the stator, and an elliptical motion 
at contact points is converted into a rotational motion of 
the rotor (reference is made to Takashi Kenjo and Toshi- 25 
iku Sashida, "An Introduction to Ultrasonic Motors", 
Sogo Denshi Shuppan, 1991). 

[0003] Ultrasonic motors of this type, compared 
with electromagnetic motors, have the advantage of 
being able to achieve compact and light weight con- 30 
struction owing to the lack of need for magnetic circuits 
such as a coil winding and an iron core and yet to pro- 
duce high torque at slow rotational speed, and are com- 
mercially implemented in the fields of camera lens 
rotating mechanisms, robot actuators etc. 35 
[0004] Since the conventional ultrasonic motor is of 
the type that the rotor is frictionally driven by generating 
a traveling wave on the surface of the stator, in order to 
generate a traveling wave of large amplitude a piezoe- 
lectric element formed of a piezoelectric material having 40 
sharp resonance is driven to resonate at its resonant 
frequency. Consequently, when it is desired to control 
the rotational speed of the rotor in a variable manner, 
the traveling wave drive frequency or drive voltage must 
be varied, but when the drive frequency or drive voltage 45 
of the piezoelectric element is varied, the vibration out- 
put of the piezoelectric element will drop abruptly or the 
torque will change. As a result, variable control of the 
rotational speed is extremely difficult to achieve in the 
conventional ultrasonic motor and, in practice, the use so 
of this type of ultrasonic motor is limited to applications 
where on-off control of a constant rpm output is per- 
formed, just like typical DC motors. 
[0005] In view of the above situation, a double 
drive-type ultrasonic motor has been proposed in which 55 
piezoelectric elements are attached to both the stator 
and the rotor so that the rotational speed of the rotor can 
be controlled in a continuously variable manner by the 



interaction between the traveling wave on the stator and 
the traveling wave on the rotor (Japanese Unexamined 
Patent Publication JP-A 2-179281 (1990), Japanese 
Examined Patent Publication JP-B2 2663164). 
[0006] In this double drive-type ultrasonic motor, 
since the rotor is also provided with a piezoelectric ele- 
ment, power must be supplied to the rotating piezoelec- 
tric element by a suitable means. 
[0007] In the ultrasonic motor described in JP-A 2- 
179281, the rotor and stator are housed within a case, 
an annular conductive plate is disposed on the upper 
surface of a rotor-side elastic member (the surface fac- 
ing the interior surface of the upper wall portion of the 
case), and a conductive brush which contacts the con- 
ductive plate in rubbing fashion is fixed to the interior 
surface of the case so as to face the conductive plate, 
wherein a signal of a given frequency is supplied to the 
rotatable piezoelectric element at the rotor side via a 
power feed unit consisting of the conductive brush and 
the conductive plate. 

[0008] In this ultrasonic motor, however, since the 
power feed unit is disposed between the rotor-side elas- 
tic member and the interior surface of the upper wall 
portion of the case, a particular space capable of 
accommodating the power feed unit has to be provided 
between the rotor-side elastic member and the interior 
surface of the upper wall portion of the case, which 
leads to the problem that the size of the motor inevitably 
increases in the axial direction. 

[0009] Furthermore, since the ultrasonic motor is 
configured so that the conductive brush contacts the 
conductive plate in rubbing fashion with the conductive 
brush fixed to the interior surface of the cover and the 
conductive plate to the rotor-side elastic member, the 
cover and the motor mechanism must be matched 
(aligned) against each other, but the task of matching is 
extremely difficult, resulting in the problem that the man- 
ufacturing increase. 

[0010] On the other hand, for the traveling wave 
ultrasonic motor first described, a power feed method in 
which a rotary transformer or a combination of a slip 
ring and a brush is used is proposed as a method appli- 
cable to an ultrasonic motor where the piezoelectric ele- 
ment is attached to the rotor, not to the stator (Japanese 
Unexamined Patent Publication JP-A 4-71371 (1992)). 
However, the detailed configuration using the rotary 
transformer is not presented, though the configuration 
using the slip ring is described in detail therein. 

DISCLOSURE OF INVENTION 

[0011] An object of the present invention is to pro- 
vide an ultrasonic motor capable of achieving stable 
power supply to a rotor side. 

[0012] Another object of the invention is to provide 
an ultrasonic motor which realizes a compact motor 
construction, achieves reduction in manufacturing 
costs, and is capable of regulating the rotation of the 
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rotor in a well controlled manner. 

[0013] The present invention provides an ultrasonic 

motor comprising: 

a stator-side elastic member having a~rotationalty -s 
symmetrical press-contact face; 
a rotor-side elastic member having a rotationally 
symmetrical press-contact face facing the press- 
contact face of the stator-side elastic member, the 
rotor-side elastic member being supported so as to 10 
be angularly displaceable about a rotation symme- 
try axis; 

a stator-side vibrating element for generating a 
rotational displacement wave of frequency Fs on 
the press-contact face of the stator-side elastic is 
member; 

a rotor-side vibrating element for generating a rota- 
tional displacement wave of frequency Fr on the 
press-contact face of the rotor-side elastic member, 
the rotor-side elastic member being angularly dis- 20 
placed at a rotational speed proportional to a fre- 
quency difference AF between the frequency Fs 
and the frequency Fr; and 

a rotary transformer for supplying drive power hav- 
ing a phase difference equivalent to N phases (N is 25 
an integer equal to or more than 2) to the rotor-side 
vibrating element which is angularly displaced 
together with the rotor-side elastic member, 
the rotary transformer including more than N trans- 
former circuits concentrically arranged, N trans- 30 
former circuits which are sequentially arranged 
inwardly from an outermost one being used as drive 
power transformer circuits. 

[0014] According to the invention, by supplying 35 
power to the rotor-side vibrating element using the 
rotary transformer, power feed with reduced power loss 
and reduced mechanical loss can be achieved. Further, 
when driving the rotor-side vibrating element with N- 
phase drive power, the unbalance between each phase *o 
of the drive power can be minimized by supplying the 
drive power using the N transformer circuits starting 
from the outermost one out of the plurality of concentri- 
cally arranged transformer circuits. When the trans- 
former circuits are arranged concentrically, the 45 
circumferential length of the core forming each trans- 
former circuit varies according to the radius from the 
center of rotation, that is, as the core diameter 
decreases, the radius rat 5 o between adjacent cores 
increases, increasing the difference in inductance so 
between adjacent cores and thus increasing the differ- 
ence in transformer transfer efficiency. On the other 
hand, the outer the transformer circuits are located, the 
smaller the unbalance between adjacent cores, and 
therefore, such transformer circuits are suitable for sup- ss 
plying N-phase drive power. 

[0015] It is preferable that the rotary transformer is 
disposed on the rotation symmetry axis side with 



respect to the press-contact faces of the stator- and 
rotor-side elastic members, and in that case, since a 
sufficient space for accommodating the rotary trans- 
former can be secured, not only the overall size of the 
motor can be reduced, but also a relatively large-sized 
rotary transformer can be used, thus making high-out- 
put, high-efficiency power feed possible. Especially, 
when each elastic member is formed in a ring shape, 
the space saving effect is further enhanced since the 
rotary transformer can be accommodated inside the 
ring. 

[001 6] The invention is also characterized in that an 
innermost one of the transformer circuits is used as a 
detection signal transformer circuit for transmitting a 
detection signal resulting from the detection of the rota- 
tional displacement wave generated on the press-con- 
tact face of the rotor-side elastic member. 
[0017] According to the invention, since the detec- 
tion signal resulting from the detection of the rotational 
displacement wave on the rotor-side elastic member is 
a single-phase signal, one transformer circuit should 
suffice for the signal transmission. Accordingly, even if, 
of the plurality of concentrically arranged transformer 
circuits, the innennost transformer circuit, which has 
large characteristic differences between adjacent cores 
is used for that purpose, the "unbalance" problem does 
not occur. This also allows the outer and more suitable 
transformer circuits to be used for other circuit systems 
where the balance is important. 

[0018] The invention is also characterized in that 
the stator-side vibrating element and the rotor-side 
vibrating element, respectively, are rotationally symmet- 
rical piezoelectric elements attached to surfaces of the 
stator-side and rotor-side elastic members, which sur- 
faces are opposite to the press-contact faces thereof, 

first and second drive electrodes for two-phase 
driving and a monitor electrode for detecting a 
vibrating wave are formed on a surface of each of 
the piezoelectric elements, and 
the first and second drive electrodes are respec- 
tively connected to the drive power transformer cir- 
cuits, and the monitor electrode is connected to the 
detection signal transformer circuit. 

[001 9] According to the invention, by using rotation- 
ally symmetrical piezoelectric elements as the stator- 
and rotor-side vibrating elements, a rotational displace- 
ment wave can be generated efficiently on the press- 
contact face of each of the stator- and rotor-side elastic 
members. The rotational displacement wave here is a 
surface wave created by a given point on the press-con- 
tact face elliptically moving within a plane containing the 
propagation direction of the wave and the direction of a 
plane normal. When there occurs a frequency differ- 
ence between opposing points, a velocity difference 
occurs between the stator-side elastic member and the 
rotor-side elastic member, resulting in the generation of 
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a torque for rotating the rotor-side elastic member. 
[0020] Further, by forming the first and second drive 
electrodes for two-phase driving on the surface of each 
piezoelectric element, a rotational displacement wave 
can be generated along the ciicumference direction of 5 
the piezoelectric element, and by detecting the vibrating 
wave with the monitor electrode, feedback can be pro- 
vided to the drive circuit for the piezoelectric element. 
Thus, the rotary transformer includes two drive power 
transformer circuits and one detection signal trans- to 
former circuit to provide independent power supplies 
and achieve signal transmission. 

[0021] The invention is also characterized in that a 
non-magnetic material for suppressing magnetic cou- 
pling is interposed between a detection core forming the 1 s 
detection signal transformer circuit and a drive core 
forming the drive power transformer circuits. 
[0022] According to the invention, by providing the 
non-magnetic materia! to suppress the magnetic cou- 
pling between the detection core and the drive core, 20 
crosstalk from the drive signal lines to the detection sig- 
nal line of the piezoelectric element can be greatly 
reduced. Since the detection signal from the monitor 
electrode is used as a feedback signal to the drive cir- 
cuit for the piezoelectric element, introduction of noise 25 
would cause an unstable condition in the drive circuit. 
Furthermore, since this detection signal is obtained 
using the piezoelectric effect, the resulting high imped- 
ance output is susceptible to noise. Therefore, by sup- 
pressing the magnetic coupling with the drive core 30 
which transmits large power, the S/N ratio of the detec- 
tion signal transmitting in the detection core can be 
improved. 

[0023] The present invention also provides an ultra- 
sonic motor comprising: 35 

a stator-side elastic member having a rotationally 
symmetrical press-contact face; 
a rotor-side elastic member having a rotationally 
symmetrical press-contact face facing the press- 40 
contact face of the stator-side elastic member, the 
rotor-side elastic member being supported so as to 
be angularly displaceable about a rotation symme- 
try axis; 

a rotor-side vibrating element for generating a rota- 45 
tional displacement wave on the press-contact face 
of the rotor-side elastic member, the rotor-side elas- 
tic member being angularly displaced by the rota- 
tional displacement wave; and 

a rotary transformer for supplying drive power hav- so 
ing a phase difference equivalent to N phases (N is 
an integer equal to or more than 2) to the rotor-side 
vibrating element which is angularly displaced 
together with the rotor-side elastic member, 
the rotary transformer including more than N trans- 55 
former circuits concentrically arranged, N trans- 
former circuits of the more than N transformer 
circuits which are sequentially arranged inwardly 



from an outermost one being used as drive power 
transformer circuits. 

[0024] According to the invention, by supplying 
power to the rotor-side vibrating element using the 
rotary transformer, power feed with reduced power loss 
and reduced mechanical loss can be achieved. Further, 
when driving the rotor-side vibrating element with N- 
phase drive power, the unbalance between each phase 
of the drive power can be minimized by supplying the 
drive power using the N transformer circuits starting 
from the outermost one out of the plurality of concentri- 
cally arranged transformer circuits. When the trans- 
former circuits are arranged concentrically, the 
circumferential length of the core forming each trans- 
former circuit varies according to the radius from the 
center of rotation, that is, as the core diameter 
decreases, the radius ratio between adjacent cores 
increases, increasing the difference in inductance 
between adjacent cores and thus increasing the differ- 
ence in transformer transfer efficiency. On the other 
hand, the outer the transformer circuits are located, the 
smaller the unbalance between adjacent cores, and 
therefore, such transformer circuits are suitable for sup- 
plying N-phase drive power. 

[0025] The present invention further provides an 
ultrasonic motor comprising: 

a stator-side elastic member having a rotationally 
symmetrical press-contact face; 
a rotor-side elastic member having a rotationally 
symmetrical press-contact face facing the press- 
contact face of the stator-side elastic member, the 
rotor-side elastic member being supported so as to 
be angularly displaceable about a rotation symme- 
try axis; 

a stator-side vibrating element for generating a 
rotational displacement wave of frequency Fs on 
the press-contact face of the stator-side elastic 
member; 

a rotor-side vibrating element for generating a rota- 
tional displacement wave of frequency Fr on the 
press-contact face of the rotor-side elastic member, 
the rotor-side elastic member being angularly dis- 
placed at a rotational speed proportional to a fre- 
quency difference AF between the frequency Fs 
and the frequency Fr; and 

a rotary transformer, disposed on the rotation sym- 
metry axis side with respect to the press-contact 
faces of the stator-and rotor-side elastic members, 
for supplying power to the rotor-side vibrating ele- 
ment which is angularly displaced together with the 
rotor-side elastic member, 

a step-up ratio Nr of the rotary transformer being 
larger than 1 . 

[0026] According to the invention, by supplying 
power to the rotor-side vibrating element using the 
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rotary transformer, power feed with reduced power loss 
and reduced mechanical loss can be achieved. Further, 
by mounting the rotary transformer on the rotation sym- 
metry axis side with respect to the press-contact faces 
of the stator- and rotor-side elastic members, the overall 
size of the motor can be reduced since a sufficient 
space for accommodating the rotary transformer can be 
secured. Since this also allows the use of a relatively 
large-sized rotary transformer, high-output, high-effi- 
ciency power feed can be achieved. Especially, when 
each elastic member is formed in a ring shape, the 
space saving effect is further enhanced since the rotary 
transformer can be accommodated inside the ring. 
[0027] When piezoelectric elements are used as 
the stator- and rotor-side vibrating elements, relatively 
high drive voltages must be supplied; therefore, when a 
rotary transformer having a step-up ratio Nr larger than 
1 is used, the rotary transformer can be made to also 
function as a step-up transformer. As a result, while it 
was common to use a step-up fixed transformer in con- 
ventional traveling wave ultrasonic motors, in the 
present invention the rotary transformer can be used as 
a substitute for the fixed transformer for the rotor-side 
vibrating element; this serves to reduce the number of 
components. 

[0028] The invention is also characterized in that 
the ultrasonic motor further comprises a fixed trans- 
former for supplying power to the stator-side vibrating 
element and a ratio Nr/Ns between the step-up ratio Nr 
of the rotary transformer and the step-up ratio Ns of the 
fixed transformer satisfies a relation of 0.5 ^ Nr/Ns £ 2. 
[0029] According to the invention, by setting the 
ratio Nr/Ns between the step-up ratio Nr of the rotary 
transformer and the step- up ratio Ns of the fixed trans- 
former within the range of 0.5 to 2, the unbalance of the 
supply power or drive voltages to the stator- and rotor- 
side vibrating elements can be eliminated. 
[0030] When identical drive circuits are used for 
both the stator-side vibrating element and the rotor-side 
vibrating element, it is preferable that the step-up ratios 
Nr and Ns of the respective circuits are made substan- 
tially the same, and in that case, the operation of the 
stator-side vibrating element can be made to substan- 
tially match that of the rotor-side vibrating element. 
[0031] The present invention also provides an ultra- 
sonic motor comprising: 

a stator-side elastic member having a rotational ly 
symmetrical press -contact face; 
a rotor-side elastic member having a rotationally 
symmetrical press-contact face facing the press- 
contact face of the stator-side elastic member, the 
rotor-side elastic member being supported so as to 
be angularly displaceable about a rotation symme- 
try axis; 

a rotor-side vibrating element for generating a rota- 
tional displacement wave on the press-contact face 
of the rotor-side elastic member, the rotor-side elas- 



tic member being angularly displaced by the rota- 
tional displacement wave; and 
a rotary transformer for supplying power to the 
rotor-side vibrating element which is angularly dis- 
5 - placed together with the rotor-side elastic member, 
a step-up ratio Nr of the rotary transformer being 
larger than 1. 

[0032] According to the invention, by supplying 

w power to the rotor-side vibrating element using the 
rotary transformer, power feed with reduced power loss 
and reduced mechanical loss can be achieved. Further, 
it is preferable that the rotary transformer is disposed on 
the rotation symmetry axis side with respect to the 

is press-contact faces of the stator- and rotor-side elastic 
members; by so arranging, the overall size of the motor 
can be reduced since a sufficient space for accommo- 
dating the rotary transformer can be secured. Since this 
also allows the use of a relatively large-sized rotary 

20 transformer, high-output, high-efficiency power feed can 
be achieved. Especially, when each elastic member is 
formed in a ring shape, the space saving effect is further 
enhanced since the rotary transformer can be accom- 
modated inside the ring. 

25 [0033] When a piezoelectric element is used as the 
stator-side vibrating element, a relatively high drive volt- 
age must be supplied; therefore, when a rotary trans- 
former having a step-up ratio Nr larger than 1 is used, 
the rotary transformer can be made to also function as 

30 a step-up transformer. As a result, while it was common 
to use a step-up fixed transformer in conventional 
traveling wave ultrasonic motors, in the present inven- 
tion the rotary transformer can be used as a substitute 
for the fixed transformer for the rotor-side vibrating ele- 

35 ment; this serves to reduce the number of components. 
[0034] The invention further provides an ultrasonic 
motor comprising a stator having a stator-side elastic 
member and a stator-side vibrator attached to the sta- 
tor-side elastic member; and a rotor having a rotor-side 

40 elastic member facing and pressed against the stator- 
side elastic member and a rotor-side vibrator attached 
to the rotor-side elastic member, the vibrators being 
caused to vibrate by supplying signals of prescribed fre- 
quency to the respective vibrators, the rotor being 

45 driven by means of traveling waves generated on the 
press-contact faces of the respective elastic members 
by the vibrations, wherein the stator-side elastic mem- 
ber and the rotor-side elastic members are respectively 
provided with recessed portions opposing each other 

so and are formed into substantially the same shape, and 
a power feed unit for supplying the signal of the pre- 
scribed frequency to the rotor-side vibrator is disposed 
within a space formed between the opposing recessed 
portions. 

55 [0035] According to the invention, since the two 
elastic members are made substantially identical in 
shape, the stator and rotor can be constructed to have 
the same natural frequency of vibration. Accordingly, 
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when signals whose frequencies are equal to or nearly 
equal to the resonant frequency of the stator and rotor 
are supplied to the respective vibrators, the traveling 
waves generated on the press contact faces of the elas- 
tic members lock (engage) with each other, just as 5 
gears engage with each other, and the rotor is held in 
the stopped condition; when the phase of one signal is 
shifted in the positive or negative direction with respect 
to the phase of the other signal, the engagement lock 
position shifts in the forward or backward direction, and 10 
by repeating this shift operation, the rotor is caused to 
rotate in the forward or backward direction. That is, 
when the two elastic members are formed in substan- 
tially the same shape, the rotation of the rotor can be 
regulated in a well controlled manner. 75 
[0036] Further, since the space formed between the 
opposing recessed portions ot the elastic members is 
utilized to accommodate the power feed unit for supply- 
ing the signal of the prescribed frequency to the rotor- 
side vibrator, there is no need to particularly provide a 20 
space for accommodating the power feed unit along the 
axial direction of the motor, and the size of the motor 
can thus be reduced in the axial direction compared 
with the prior art. Furthermore, since this also elimi- 
nates the need for the matching between the cover and 25 
the motor mechanism, which is difficult to achieve, the 
manufacturing costs can be reduced. Moreover, since 
the same components can be used between the 
respective elastic members, their costs can be reduced. 
[0037] A variety of configurations are possible for 30 
the power feed unit, for example, a rotary transformer 
may be employed. 

[0038] It is also possible to employ as the power 
feed unit a brush contact power feed unit comprising a 
conductive brush attached to either the stator or rotor 35 
side and a conductors provided at the other side, for 
contacting the conductive brushes in rubbing fashion. 

BRIEF DESCRIPTION OF DRAWINGS 

40 

[0039] 

Fig. 1A is a cross sectional view showing the con- 
struction of one embodiment according to the 
present invention, and Fig. 1 B is an enlarged cross 45 
sectional view of a rotary transformer 60 in Fig. 1 A; 
Fig. 2 is an exploded perspective view illustrating 
an assembly procedure; 

Fig. 3 is an exploded perspective view illustrating 
an assembly procedure; 50 
Fig. 4 is an enlarged cross sectional view of the 
rotary transformer 60 shown in Figures 2 and 3; 
Fig. 5A is a plan view showing the polarization state 
of a piezoelectric element 31 , and Fig. 5B is a plan 
view showing the electrode configuration of the pie- 55 
zoelectric element 31 ; 

Fig. 6 is a graph showing how a traveling wave is 
generated: Fig. 6A is a diagram showing the piezo- 



electric element 31 expanded in a straight line form, 
Rg. 6G is a diagram showing voltage waveforms 
applied to drive electrodes 31a and 31b, and Figs. 
6B to 6F are diagrams showing the waveforms of 
the traveling wave at times to to t4 in Fig. 6G, 
respectively; 

Rg. 7 is a block diagram showing one example of a 
drive control circuit for an ultrasonic motor; 
Rg. 8 is a block diagram showing another example 
of a drive control circuit for an ultrasonic motor; 
Rg. 9 is a graph showing the inductance character- 
istics of the rotary transformer 60; 
Rg. 10 is a cross sectional side elevation view 
showing an ultrasonic motor according to a second 
embodiment; 

Rg. 11 is a plan view showing one side of a stator- 
side vibrator or a rotor-side vibrator; 
Rg. 12 is a plan view showing the other side of the 
stator-side vibrator or the rotor-side vibrator; 
Rg. 13 is a cross sectional view of a stator/rotor 
contact portion cut along the circumference direc- 
tion thereof when traveling waves are generated; 
Rg. 14 is a cross sectional side elevation view 
showing an ultrasonic motor according to a third 
embodiment; and 

Rg. 15 is a cross sectional side elevation view 
showing an ultrasonic motor according to a fourth 
embodiment. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0040] Preferred embodiments of an ultrasonic 
motor according to the present invention will be 
described below with reference to the accompanying 
drawings. Throughout the drawings, like elements or 
elements identical in function are designated by like ref- 
erence numerals, and the description of such elements, 
once given, will not be repeated thereafter. 
[0041] Rg. 1 A is a cross sectional view showing the 
construction of one embodiment according to the 
present invention, and Fig. 1B is an enlarged cross sec- 
tional view of a rotary transformer 60 in Fig. 1 A. Figs. 2 
and 3 are exploded perspective views illustrating 
assembly procedures, and Rg. 4 is an enlarged cross 
sectional view of the rotary transformer 60 in Figs. 2 and 
3. 

[0042] An ultrasonic motor 1 comprises a stator- 
side elastic member 30 having a rotationally symmetri- 
cal shape, a rotor-side elastic member 40 having a rota- 
tionally symmetrical shape, a stator-side piezoelectric 
member 31 for imparting vibrations to the elastic mem- 
ber 30, a rotor-side piezoelectric member 41 for impart- 
ing vibrations to the elastic member 40, an output shaft 
10 rotating integrally with the elastic member 40, the 
rotary transformer 60 for supplying power to the piezoe- 
lectric element 41 in n on -contacting fashion, and hous- 
ings 21 and 22 for accommodating therein the above- 
enumerated elements. 
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[0043] The housing 21 is shaped into a cylindrical 
box consisting of a bottom and an encircling side wall, in 
the center of which bottom a through hole is formed, 
and a hollow bearing holder 20 having a T-shaped cross 
section is fitted into the.through hole. Steps are formed 5 
in the upper and lower sections of the interior surface of 
the bearing holder 20, and bearings 1 5 and 1 6 for rotat- 
ably supporting the output shaft 1 0 are fixedly disposed 
on the respective steps, one being spaced apart from 
the other by a predetermined distance. io 
[0044] The output shaft 10 is inserted so that the 
inner rings of the bearings 15 and 16 substantially fit 
around the output shaft 10. The bearing 16 is held in 
position by abutting against a spacer 13 disposed on 
the step face of a thick shaft portion 1 0b in the center of is 
the output shaft 10, while the bearing 15 is held in posi- 
tion by a spacer 12 fitted onto the output shaft 10 from 
one end thereof, around which output shaft a circumfer- 
ential groove 10a is formed in which a stopper 1 1 such 
as an E-ring is fitted to support the output shaft 10 inte- 20 
grally with the inner rings of the bearings 1 5 and 1 6. 
[0045] The elastic member 30 is disposed on the 
upper surface of the bearing holder 20, and is centered 
by being held in substantial engagement with the outer 
periphery of the bearing 1 6. 25 
[0046] The elastic member 30 comprises a thick 
wall portion having on an upper surface thereof an 
annular press-contact face 30a, a thin wall portion 30b 
supporting the thick wall portion from inside, and a 
mounting portion substantially fitted on an inner spacer 30 
14, and is configured so as to allow the thick wall portion 
to vibrate in its thickness direction. The piezoelectric 
element 31 which has an annular disc shape is bonded 
to the lower surface of the thick wall portion opposite the 
press-contact face 30a. The press -contact face 30a has 35 
a protruding cross section so that the vibrations pro- 
duced in the piezoelectric element 31 can be efficiently 
concentrated at the protrusion, and a liner 32 formed of 
a low friction material such as a fluororesin is fixed to 
the upper surface of the protrusion. *o 
[0047] Similarly to the elastic member 30, the rotor- 
side elastic member 40 comprises a thick wall portion 
having on a lower surface thereof an annular press-con- 
tact face 40a, a thin wall portion 40b supporting the 
thick wall portion from inside, and a mounting portion for 45 
transmitting a torque to the output shaft 10, and is con- 
figured so as to allow the thick wall portion to vibrate in 
its thickness direction. The piezoelectric element 41 
which has an annular disc shape is rigidly bonded to the 
upper surface of the thick wall portion opposite the so 
press-contact face 40a. The press -contact face 40a has 
a protruding cross section so that the vibrations pro- 
duced in the piezoelectric element 41 can be efficiently 
concentrated at the protrusion, and a liner 42 formed of 
a low friction material such as a fluororesin is fixed to ss 
the lower surface of the protrusion. 
[0048] Preferably, the elastic members 30 and 40 
are formed of a material having a low damping force, for 



38 A1 12 

example, a metal such as iron or brass. 
[0049] An annular disc shaped spring receiving 
plate 45 is disposed on the mounting portion of the elas- 
tic member 40. Centering is achieved with the inside of 
the spring receiving plate 45 substantially engaging with 
a stepped portion 10d of the output shaft 10. An engag- 
ing plate 43 having two protrusions 43a is disposed on 
the inner portion of the upper surface of the spring 
receiving plate 45. With the protrusions 43a engaging 
with notches 10g cut in a base end portion 10e of the 
output shaft 10, the torque rotating the elastic member 
40 is transmitted to the output shaft 10. 
[0050] A plate spring 44 is attached to the base end 
face of the output shaft 10, and centering is achieved 
with the through hole formed in the center of the plate 
spring 44 substantially engaging on the protrusion 1 0f 
formed at the center of the base end of the output shaft 
10. 

[0051] The plate spring 44 comprises a center disc 
and a plurality of radially extending swinging ends, and 
the force for pressing the elastic members 30 and 40 
together is generated with the swinging ends applying 
uniform pressure to the spring receiving plate 45. 
[0052] The rotary transformer 60 is disposed within 
a ring-shaped space provided inwardly of the thick wall 
portions of the annular elastic members 30 and 40 and 
between the thin wall portion/mounting portion sections 
of the elastic members 30 and 40. 
[0053] The rotary transformer 60 comprises an 
annular stator-side core 61 and an annular rotor-side 
core 62 disposed opposite each other with a prescribed 
gap provided therebetween. The stator-side core 61 Is 
disposed on the annular spacer 14. The rotor-side core 
62 is disposed on the step face of the stepped portion 
10d and substantially fitted around a thick shaft portion 
1 0c whose diameter is slightly larger than that of the 
thick shaft portion 1 0b of the output shaft 1 0, so that the 
core 62 rotates integrally with the output shaft 10. 
[0054] Next, an electrical system will be described. 
Fig. 5A is a plan view showing the polarization state and 
electrode configuration of the piezoelectric element 31, 
and Fig 5B is a plan view showing the electrode config- 
uration on the side of the piezoelectric element 31 oppo- 
site from the side thereof shown in Fig. 5A. The 
piezoelectric element 41 has the same polarization 
state and electrode configuration as the piezoelectric 
element 31 . 

[0055] When a driving electric field is applied in the 
thickness direction, the annular piezoelectric element 
31 expands and contracts in the thickness and circum- 
ference directions, and produces vibrations with the 
expand/contract motions rapidly alternating, and a rota- 
tional displacement wave such as a traveling wave or 
standing wave is created by changing the phase of the 
vibration along the circumference direction. In the fig- 
ures is shown the case where a 5-period displacement 
wave is generated around the circumference, and as 
shown in Fig. 5A, there are formed two groups A and B, 
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each consisting of four A/2 polarization regions alter- 
nately polarized in opposite directions for every A/2, and 
a A/4 polarization region and a 3A/4 polarization region 
are respectively interposed between the groups A and 
-B; where A. is the wavelength of the displacement wave. 
For the thus arranged polarization regions and elec- 
trodes, a drive electrode 31 a, a drive electrode 31 b, and 
a monitor electrode 31c are formed corresponding to 
the group A, the group B, and the A/4 polarization 
region, respectively. Here, the elastic member 30 on 
which the piezoelectric element 31 is disposed func- 
tions as an annular common electrode facing the elec- 
trodes A, B, A/4, and 3A/4, and the elastic member 30 is 
grounded via the housing 21 . Likewise, the elastic mem- 
ber 40 functions as a common electrode for the piezoe- 
lectric element 41 , and is grounded via the housing 21 . 
[0056] When an electric field is applied across the 
thickness of the piezoelectric element 31 (for example, 
perpendicular to the plane of the figure and into the 
plane), the piezoelectric element 31 expands and con- 
tracts in the thickness and circumference directions due 
to the electrostrictive effect, in the positive polarization 
regions marked with "+", the thickness increases, while 
in the negative polarization regions marked with the 
thickness decreases. For example, when a positive volt- 
age is applied to the drive electrode 31a corresponding 
to the group A, the displacement direction changes 
every A/2, and a wave for two wavelengths is created 
with nodes of the wave formed at boundaries between 
the respective polarization regions. When the applied 
voltage to the drive electrode 31a is varied at a fre- 
quency in the ultrasonic frequency range, the wave gen- 
erated from the group A propagates through the entire 
piezoelectric element 31 . Likewise, when an AC voltage 
in the ultrasonic frequency range is applied to the drive 
electrode 31b corresponding to the group B, a wave for 
two wavelengths propagates through the entire piezoe- 
lectric element 31, and thus the wave from the group A 
and the wave from the group B are superimposed one 
on top of the other. Accordingly, by applying a cosine 
wave to the drive electrode 31a and a sine wave to the 
drive electrode 31b with their phases shifted 90 degrees 
relative to each other, a traveling wave propagating in a 
given direction can be generated. 
[0057] Fig. 6 is a graph showing how the traveling 
wave is generated. Fig. 6A is a diagram showing the 
piezoelectric element 31 expanded in a straight line 
form, and Fig. 6G shows voltage waveforms applied to 
the drive electrodes 31a and 31b. Figures 6B to 6F 
show the waveforms of the traveling wave at times to to 
t4 in Fig. 6G. At time to, only the group A is generating 
a surface wave of amplitude 1, which propagates 
through the entire ring. At time t1 , the groups A and B 
are generating surface waves of amplitude 1^2, 90 
degrees apart in phase, and the sum wave is shifted to 
the left by A/8 compared with the waveform at time to. At 
time t2, only the group B is generating a surface wave of 
amplitude 1 , which is shifted to the left by A/8 compared 



with the waveform at time t1 . Similarly, at times t3 and 
t4, the wave is shifted to the left by A/8 each time, and it 
is thus shown that the traveling wave moving to the left 
with time is generated. 
5 [0058] -Conversely, when a sine wave is applied to 
the drive electrode 31a and a cosine wave to the drive 
electrode 31b with their phases shifted 90 degrees in 
the opposite direction, a traveling wave moving in the 
direction opposite to that described above can be gen- 
re erated. In this way, by driving the respective electrodes 
by relating the spatial phase difference between the 
groups A and B to the temporal phase difference 
between the respective drive waveforms, a traveling 
wave moving in the desired direction can be generated. 
is Since the piezoelectric element 31 is rigidly bonded to 
the elastic member 30, the expand/contract motions of 
the piezoelectric element 31 are translated into a wave 
having a prescribed amplitude. Then, the two waves dif- 
fering in phase are summed together to create a 
20 traveling wave, and this traveling wave is transmitted 
through the elastic member 30, generating a traveling 
wave on the press-contact face 30a. Similarly, the 
traveling wave created by the expand/contract motions 
of the piezoelectric element 41 is transmitted through 
25 the elastic member 40, generating a traveling wave on 
the press-contact face 40a. 

[0059] The vibrating waveform of the traveling wave 
generated in the piezoelectric element 31 due to the 
piezoelectric effect is detected as an electrical signal by 

30 the monitor electrode 31c. The drive electrodes 31a and 
31b and the monitor electrode 31c are connected to 
lines PA, PB, and PC, respectively, which are leaded out 
through a lead-out hole formed in the housing 21 . 
[0060] In the case of the piezoelectric element 41 

35 also, the drive electrodes 41a and 41b and the monitor 
electrode 41c are connected to lines QA, QB, and QC, 
respectively, in this case via the rotary transformer 60. 
[0061] Fig. 1 shows an example in which the rotary 
transformer 60 is configured as a two-phase drive trans- 

40 former and includes three transformer circuits corre- 
sponding to the lines QA, QB, and QC. As shown in Fig. 
1B, five annular protrusions are formed in concentric 
fashion on each of the stator-side core 61 and the rotor- 
side core 62, of which protrusions, outer three protru- 

45 sions function as drive-side cores 61 a and 62a forming 
the transformer circuits for the lines QA and QB, and 
inner two protrusions function as detection -side cores 
61c and 62c forming the transformer circuit for the line 
QC. Each annular protrusion is provided with grooves 

so spaced apart from one another by a prescribed angle, 
thus forming a plurality of sub protrusions, and a coil is 
disposed so as to be wound around each sub protru- 
sion, and in this arrangement, power feed and signal 
transmission are accomplished in non-contacting fash- 

55 ion by the magnetic coupling between the opposing 
annular protrusions. 

[0062] Further, the drive-side core 61 a, 62a and the 
detection-side core 61c, 62c may be separated by 
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inserting therebetween a separator 61b, 62b formed of 
a non-magnetic material such as a plastic material in 
order to suppress magnetic coupling between the 
respective cores. Such separators 61b, 62b may be 
inserted not only between the drive-side core 61 a, 62a 
and the detection -side core 61c, 62c, but also between 
the respective lines QA, Qb, and QC. By providing such 
non-magnetic separators 61b, 62b, magnetic coupling 
between the respective transformer circuits can be sup- 
pressed. The separators 61 b, 62b may be formed by fill- 
ing adhesive material. 

[0063] On the other hand, Figures 2 to 4 show an 
example in which the rotary transformer 60 is config- 
ured as a three-phase drive transformer and includes 
four transformer circuits corresponding to lines SA, SB, 
SC, and SD. As shown in Fig. 4, six annular protrusions 
are formed in concentric fashion on each of the stator- 
side core 61 and the rotor-side core 62, of which protru- 
sions, outer four protrusions function as the drive -side 
cores 61a and 62a forming the transformer circuits for 
the lines SA, SB, and SC, and inner two protrusions 
function as the detection -side cores 61c and 62c form- 
ing the transformer circuit for the line SD. Each annular 
protrusion is provided with grooves spaced part from 
one another by a prescribed angle, thus forming a plu- 
rality of sub protrusions, and a coil is disposed so as to 
be wound around each sub protrusion, and in this 
arrangement, power feed and signal transmission are 
accomplished in non-contacting fashion by the mag- 
netic coupling between the opposing annular protru- 
sions. 

[0064] Further, the drive-side core 61a, 62a and the 
detection-side core 61c, 62c may be separated by 
inserting therebetween a separator 61b, 62b formed of 
a non-magnetic material such as a plastic material in 
order to suppress magnetic coupling between the 
respective cores. 

[0065] Fig. 7 is a block diagram showing one exam- 
ple of a drive control circuit for the ultrasonic motor. In 
this circuit example, the stator is constructed as the 
main drive part and the rotor as the driven part. The 
elastic members 30 and 40 in the ultrasonic motor 1 are 
pressed together into contact with each other and, in 
this condition, are electrically grounded via the output 
shaft 10, the housing 21 , etc. The drive electrodes 31a, 
31b and monitor electrode 31c of the piezoelectric ele- 
ment 31 attached to the stator-side elastic member 30 
are connected to the lines PA, PB, and PC, respectively. 
Step-up transformers 70 and 71 for generating high volt- 
ages necessary for piezoelectric driving are inserted 
between the lines PA, PB and the corresponding elec- 
trodes. Here, the step-up transformers 70 and 71 are 
fixed to a circuit board or the like. 
[0066] The drive electrodes 41a, 41b and monitor 
electrode 41c of the piezoelectric element 41 attached 
to the rotor-side elastic member 40 are connected to the 
lines QA, QB, and QC, respectively, with the rotary 
transformer 60 interposed therebetween. When the 



step-up ratio Nr of the rotary transformer 60 is set to 1 
or lower, a step-up transformer for generating a high 
voltage for piezoelectric driving has to be provided sep- 
arately, but by setting the step-up ratio Nr of the rotary 
5 ~ - transformer-60 larger than 1, the step-up transformer at 
the rotor side can be omitted because the rotary trans- 
former 60 can serve the same function as the step-up 
transformers 70 and 71 . 

[0067] Further, it is preferable that the electrical and 

w mechanical characteristics are made substantially the 
same between the stator side and the rotor side so that 
the elastic members 30 and 40 will generate traveling 
waves of equal amplitudes, and the unbalance can be 
eliminated when the ratio Nr/Ns between the step-up 

15 ratio Nr of the rotary transformer 60 and the step-up 
ratio Ns of the step-up transformers 70, 71 is within the 
range of 0.5 * Nr/Ns s 2, and more preferably Ns ^ Nr. 
[0068] A frequency control oscillator 82 at the stator 
side outputs an ultrasonic drive signal of frequency Fs 

20 (for example, a sine wave or a pulse wave) which, after 
being amplified by an amplifier 86, is output on the line 
PA and converted by the step-up transformer 70 into a 
high voltage, which is applied to the drive electrode 31b 
of the piezoelectric element 31 . The ultrasonic drive sig- 

25 nal from the frequency control oscillator 82 is also sup- 
plied to an amplifier 88 via a phase shifter 84 which 
shifts the phase by 90 degrees, and the signal amplified 
by the amplifier 88 is output on the line PB and con- 
verted by the step-up transformer 71 into a high voltage, 

30 which is applied to the drive electrode 31 a of the piezo- 
electric element 31. 

[0069] A detection signal generated at the monitor 
electrode 31c of the piezoelectric element 31 is input to 
a wave shaping limiter circuit 90 via the line PC, and 

35 returned as a feedback signal to the frequency control 
oscillator 82. The frequency control oscillator 82 is con- 
structed, for example, from a PLL (Phase Locked Loop) 
circuit comprising a VCO (voltage controlled oscillator), 
a phase comparator, and an LPF (low pass filter), and 

40 operates in self -driving fashion. 

[0070] At the rotor side, based on the ultrasonic 
drive signal of frequency Fs output from the frequency 
control oscillator 82, a frequency control circuit 83 out- 
puts an ultrasonic drive signal of frequency Fr (for exam- 

45 pie, a sine wave or a pulse wave) which, after being 
amplified by an amplifier 87, is output on the line QA 
and converted by the rotary transformer 60 into a high 
voltage, which is applied to the drive electrode 41a of 
the piezoelectric element 41 . The ultrasonic drive signal 

so from the frequency control circuit 83 is also supplied to 
an amplifier 89 via a phase shifter 85 which shifts the 
phase by 90 degrees, and the signal amplified by the 
amplifier 89 is output on the line QB and converted by 
the rotary transformer 60 into a high voltage, which is 

55 applied to the drive electrode 41b of the piezoelectric 
element 41. 

[0071] A detection signal generated at the monitor 
electrode 41c of the piezoelectric element 41 is not 
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used when the rotor side is the driven side. To detect an 
angular error between the rotor and stator, the feedback 
signals at the rotor and stator sides are used to detect 
the phase difference between the signals. 
[0072] When a command is input from-an-external 
host device 80 such as a computer, the frequency con- 
trol circuit 83 interprets the command and controls the 
frequency Fr based on the frequency Fs from the fre- 
quency control oscillator 82. 

[0073] For example, when the command from the 
external host device 80 is a rotational speed command, 
the frequency Fr is controlled by adding a frequency dif- 
ference AF corresponding to the commanded rotational 
speed to the signal from the oscillator 82 so that the fre- 
quency difference AF is maintained. Then, the piezoe- 
lectric elements 31 and 41 generate vibrations of 
frequencies Fs and Fr, respectively, as described 
above, and these vibrations propagate through the 
respective elastic members 30 and 40, generating on 
the respective press-contact faces 30a and 40a rota- 
tional displacement waves WA and WB having displace- 
ment components along the circumference direction. 
Since the rotational displacement waves WA and WB on 
the press-contact faces 30a and 40a are shifted in fre- 
quency by an amount equal to the frequency difference 
AF, the rotor-side elastic member 40 rotates relative to 
the stator-side elastic member 30, and the thus gener- 
ated rotational torque is taken from the output shaft 10 
shown in Fig. 1. Since the rotational speed of the elastic 
member 40 varies in proportion to the frequency differ- 
ence AF, the rotational speed of the ultrasonic motor 1 
can be controlled with high precision by precisely con- 
trolling the frequency difference AF by means of the fre- 
quency control circuit 83. 

[0074] Furthermore, when the frequency difference 
AF relative to the frequency Fs is reduced to zero by 
controlling the frequency Fr, the ultrasonic motor 1 
comes to rest, with the pressing force between the elas- 
tic members 30 and 40 acting as the motor holding 
torque, thus eliminating the need for a brake mecha- 
nism. 

[0075] When the command from the external host 
device 80 is a rotation angle command, the prescribed 
rotational speed corresponding to the frequency differ- 
ence AF is maintained for a time corresponding to the 
rotation angle command, and upon the expiration of the 
time, the motor is caused to stop by controlling the fre- 
quency Fr so as to match the frequency Fs. Accordingly, 
rotation angle control like a stepping motor can also be 
accomplished. 

[0076] In this way, by receiving the signal from the 
oscillator 82 and by controlling the frequency Fr appro- 
priately, the frequency control circuit 83 can control the 
rotational speed, rotation angle, rotational direction, etc. 
of the ultrasonic motor 1 as desired. 
[0077] Fig. 8 is a block diagram showing another 
example of a drive control circuit for the ultrasonic 
motor. In this circuit example, the rotor is constructed as 



the main drive part and the stator as the driven part 
[0078] The frequency control oscillator 82 outputs 
an ultrasonic drive signal of frequency Fr (for example, a 
sine wave or a pulse wave) which, after being amplified 

5 by the amplifier 87, is output on the line QA and con- 
verted by the rotary transformer 60 into a high voltage, 
which is applied to the drive electrode 41 a of the piezo- 
electric element 41 . The ultrasonic drive signal from the 
frequency control oscillator 82 is also supplied to the 

io amplifier 89 via the phase shifter 85 which shifts the 
phase by 90 degrees, and the signal amplified by the 
amplifier 89 is output on the line QB and converted by 
the rotary transformer 60 into a high voltage, which is 
applied to the drive electrode 41b of the piezoelectric 

15 element 41 . 

[0079] The detection signal generated at the moni- 
tor electrode 41 c of the piezoelectric element 41 is input 
to the wave shaping limiter circuit 90 via the line QC, 
and returned as a feedback signal to the frequency con- 

20 trol oscillator 82. The frequency control oscillator 82 is 
constructed, for example, from a PLL (Phase Locked 
Loop) circuit comprising a VCO (voltage controlled 
oscillator), a phase comparator, and an LP F (low pass 
filter), and operates In self-driving fashion. 

25 [0080] At the stator side, based on the ultrasonic 
drive signal of frequency Fr output from the frequency 
control oscillator 82, the frequency control circuit 83 out- 
puts an ultrasonic drive signal of frequency Fs (for 
example, a sine wave or a pulse wave) which, after 

30 being amplified by the amplifier 86, is output on the line 
PA and converted by the step-up transformer 70 into a 
high voltage, which is applied to the drive electrode 31b 
of the piezoelectric element 31 . The ultrasonic drive sig- 
nal from the frequency control circuit 83 is also supplied 

35 to the amplifier 88 via the phase shifter 84 which shifts 
the phase by 90 degrees, and the signal amplified by 
the amplifier 88 is output on the line PB and converted 
by the step- up transformer 71 into a high voltage, which 
is applied to the drive electrode 31 a of the piezoelectric 

40 element 31. 

[0081] The detection signal generated at the moni- 
tor electrode 31c of the piezoelectric element 31 is not 
used when the stator is the driven side. To detect an 
angular error between the rotor and stator, the feedback 

45 signals at the rotor and stator sides are used to detect 
the phase difference between the signals. 
[0082] When a command is input from the external 
host device 80 such as a computer, the frequency con- 
trol circuit 83 interprets the command and controls the 

so frequency Fs based on the frequency Fr from the fre- 
quency control oscillator 82. In this way, the rotational 
speed, rotation angle, and rotational direction, etc. of 
the ultrasonic motor 1 can be controlled as desired in 
accordance with the command input from the external 

55 host device 80. 

[0083] Fig. 9 is a graph showing the inductance 
characteristics of the rotary transformer 60. The vertical 
axis represents in logarithmic form the inductance (mH) 
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(the composition of self-inductance and mutual induct- 
ance) of the innermost transformer circuit C1, middle 
transformer circuit C2, and outermost transformer cir- 
cuit C3 of the rotary transformer 60. The horizontal axis 
represents-in logarithmic form the gap length (jim) 5 
between the stator-side core 61 and rotor-side core 62 
of the rotary transformer 60. Here, the number of coil 
turns in each of the transformer circuits C1 to C3 is cho- 
sen to be 100. 

[0084] As can be seen from the graph, generally the 10 
inductance of each transformer circuit increases with 
decreasing gap length, and decreases with increasing 
gap length. As a result, the transfer efficiency of the 
transformer improves as the gap length is reduced. 
[0085] Further, when the transformer circuits are is 
compared, it is shown that the inductance of the inner- 
most transformer circuit C1 drops significantly, com- 
pared with the middle and outermost transformer 
circuits C2 and C3. Accordingly, by using, out of these 
three transformer circuits, the middle and outermost 
transformer circuits C2 and C3 as a two-phase drive 
power transformer circuit, the unbalance between each 
phase of the drive power can be suppressed. Here, 
when the innermost transformer circuit C1 is used for 
transmitting the detection signal generated at the moni- 
tor electrode 31c, the 'unbalance" problem does not 
occur. 

[0086] The above description has dealt with an 
example of a double drive type ultrasonic motor in which 
both the stator-side elastic member 30 and the rotor- 
side elastic member 40 are provided with piezoelectric 
elements 31 and 41 , but the invention is also applicable 
to a single drive type ultrasonic motor in which only the 
rotor-side elastic member 40 is provided with a piezoe- 
lectric element 41 but the stator-side elastic member 30 
is not provided with a piezoelectric element 31 . 
[0087] Further, the above description has dealt with 
an example in which traveling waves are generated by 
driving the piezoelectric elements 31 and 41 with a two- 
phase drive signal consisting of a cosine wave and a 
sine wave, but traveling waves can also be generated by 
driving with a drive signal o* three or more phases which 
matches the arrangement of the drive electrodes. 
[0088] Fig. 10 is a cross sectional side elevation 
view showing an ultrasonic motor according to a second 
embodiment. The ultrasonic motor shown here com- 
prises an ultrasonic motor main unit 101 made up of 
mechanical drive mechanisms and an electrical control 
unit 102 for driving the ultrasonic motor main unit 1. 
[0089] The ultrasonic motor main unit 101 com- 
prises a mounting base 103 which is fixed to the fixed 
side of a device such as a camera in which the ultra- 
sonic motor is disposed, and a cover 120 which is fixed, 
for example, by a screw or the like, to the upper part of 
the mounting base 103 so as to cover the upper part of 
the mounting base 1 03, and contains, within an interior 
space X enclosed by the mounting base 103 and cover 
120, a stator 105 having a circular periphery and fixed 



so as to be overlaid on the mounting base 103, a rotat- 
ing shaft 104 passing through the center of the mount- 
ing base 1 03 and stator 1 05 and supported rotatably on 
bearings 107a and 107b fixed to the mounting base 
103, a rotor 106 having a circular periphery and rotata- 
ble with the rotating shaft 104 while being pressed 
against the stator 1 05 by means of a Belleville spring 
122 fixed to the upper end of the rotating shaft 104, and 
a rotor power feed unit 121 disposed within a space Y 
formed between the opposing stator 105 and rotor 106. 
[0090] Traveling waves are excited in the circumfer- 
ence direction of opposing contact faces of the stator 
105 and rotor 106 and, with the traveling waves engag- 
ing with each other, the phase of one traveling wave is 
shifted in the positive or negative direction with respect 
to the phase of the other traveling wave, thereby caus- 
ing the engagement position to shift in the forward or 
backward direction, and by repeating this shift opera- 
tion, the rotor 106 is caused to rotate in the forward or 
backward direction (this operation will be described in 
detail later). 

[0091] A cylindrically shaped bearing holder 123 of 
a substantially hollow structure is disposed passing 
through the center of the mounting base 103. An upper 
annular flange portion 1 23a of the bearing holder 1 23 is 
placed on the mounting base 103 and fixed by a screw 
or the like. The bearings 1 07a and 1 07b are fitted fixedly 
in the recesses formed in the bearing holder 123 on top 
of which the stator 1 05 is fixed, for example, by a screw 
or the like. 

[0092] The stator 105 comprises an annular vibra- 
tor 1 05v formed of a piezoelectric ceramic element, and 
an annular elastic member 105e formed of a metal, the 
vibrator 105v being bonded to an outer circumferential 
portion of the back surface (underside in the figure) of 
the elastic member 105e. The elastic member 105e 
comprises an annular circumferential portion 105o to 
the back surface of which is bonded the vibrator 1 05v, 
an annular recessed portion 1 05s formed on the surface 
(upside in the figure) inward of the outer circumferential 
portion 105o, an annular inner circumferential portion 
105i protruding in the opposite direction (downward in 
the figure) from the outer circumferential portion 105o 
and fixed to the bearing holder 123, and an annular mid- 
dle portion 105m connecting the upper portion of the 
inner circumferential portion 105i with the lower portion 
of the outer circumferential portion 105o. The middle 
portion 105m is made thinner than the outer circumfer- 
ential portion 105o and inner circumferential portion 
105i, and the middle portion 105m acts to allow the 
outer circumferential portion 105o to vibrate easily, and 
serves to suppress the transmission of vibrations from 
the outer circumferential portion 1 05o to the inner cir- 
cumferential portion 1 05i. 

[0093] The rotor 1 06 comprises a rotor-side vibrator 
106v formed of the same material as the stator-side 
vibrator 105v and having the same shape as the latter, 
and a rotor-side elastic member 106e formed of the 
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same material as the stator-side elastic member 1 05e 
and having the same shape as the latter, the rotor-side 
vibrator 106v being bonded to an outer circumferential 
portion of the the back surface (upside in the figure) of 

the elastic member 1 06e. ~ 

[0094] In this way, in the present embodiment, since 
the two elastic members 105e and 106e are identical in 
shape, the stator 105 and rotor 106 have the same nat- 
ural frequency of vibration. Furthermore, the two elastic 
members 1 05e and 1 06e are formed of the same mate- 
rial to further ensure that the stator 105 and rotor 106 
have the same natural frequency of vibration, and in 
addition, since the two vibrators 105v and 106v are 
formed of the same material and are identical in shape, 
the natural frequency of vibration of the stator 105 is 
identical with that of the rotor 1 06. 
[0095] The rotor 106 is disposed so that the rotor- 
side recessed portion 106s faces the stator-side 
recessed portion 105s. Further, as with the stator 105, 
the vibrator 1 06v is bonded to an outer circumferential 
portion 1 06o of the back surface (upside in the figure) of 
the rotor 106, and the thin middle portion 106m con- 
necting between the outer circumferential portion 106o 
and inner circumferential portion 1 06i of the rotor 1 06, 
like the thin middle portion 105m of the stator 105, acts 
to allow the outer circumferential portion 1 06o to vibrate 
easily and serves to suppress the transmission of vibra- 
tions from the outer circumferential portion 1 06o to the 
inner circumferential portion 106i. 
[0096] The rotating shaft 104 passes through the 
center of the bearing holder 123, stator 105, and rotor 
106, and is supported rotatably on the bearings 107a 
and 107b. An annular first flange portion 124 is formed 
upwardly of the position where the rotating shaft 104 is 
supported on the upper bearing 107a, and an annular 
gap ring 130 is inserted between the first flange portion 
124 and the inner ring of the upper bearing 107a. 
[0097] The lower part of the rotating shaft 1 04 pro- 
trudes downward from the bearing holder 123 and out- 
ward from the mounting base 1 03. This protruding lower 
part is fitted with a snap ring 1 27, for example, a C-ring, 
in a vertically movable manner, and a bush 128 is 
inserted between the snap ring 1 27 and the inner ring of 
the lower bearing 1 07b. 

[0098] This snap ring 127 is fitted onto the rotating 
shaft 104 after the rotating shaft 104 in the rotor-side 
assembly (which includes the rotating shaft 104, the 
rotor 106, and the rotor-side core 141 of the rotary 
transformer 121 described later) is inserted from the 
upward direction in the figure into the stator-side 
assembly (which includes the bearings 1 07a, 1 07b, the 
bearing holder 123, the stator 105, and the stator-side 
core 140 of the rotary transformer 121 described later). 
[0099] The upward movement of the rotating shaft 
104 is limited by the snap ring 127 and the bush 128, 
while the downward movement is limited by the gap ring 
130. That is, the snap ring 127, the bush 128, and the 
gap ring 1 30 together limit the vertical movements of the 



rotating shaft 104. Further, the vertical positioning of the 
rotating shaft 104 is defined by the thickness of the gap 
ring 130. 

[0100] An annular second flange portion 129 is 
5 formed in the upper part the rotating shaft 1 04, and an 
umbrella-shaped Belleville spring 122 is screwed to the 
upper part of the second flange portion 129. A plurality 
of loosely engaging grooves 129a extending in the 
radial direction are formed at equally spaced intervals 
io around an outer circumferential face of the second 
flange 129. 

[0101] Between the Belleville spring 122 and the 
rotor-side elastic member 1 06e is disposed an annular 
spring base 125 through which the second flange por- 

15 tion 129 is disposed in slidable fashion (clearance fit to 
the second flange portion 1 29). An upper outer circum- 
ferential portion of the spring base 125 is made to butt 
against an outer circumferential edge of the Belleville, 
spring 122. An annular plate 126 is fixed to an upper 

20 inner circumferential portion of the spring base 1 25, and 
a plurality of equally spaced protrusions 126a, which 
loosely engage with the loosely engaging grooves 129a, 
are formed around the inner circumference of the plate 
126. Thus, the spring base 125 is made rotatable with 

25 the rotating shaft 104 and movable vertically in sliding 
fashion. 

[0102] An annular recessed portion 125a is formed 
in a lower inner circumferential portion of the spring 
base 1 25, with which annular recessed portion 125a the 

30 inner circumferential portion 1 06i of the rotor-side elas- 
tic member 106e engages to position in the axial direc- 
tion (centering with respect to the axial center of the 
rotating shaft 104), and in this condition, the inner cir- 
cumferential portion 106i is fixed to the spring base 125 

35 by means of a screw or the like. Thus, the rotor 106 is 
capable of rotating with the spring base 125 and rotating 
shaft 104, and is, at all times, biased downward by the 
Belleville spring 122 via the spring base 125. 
[0103] The stator-side elastic member 105e 

40 includes an annular protrusion 105p with a narrow 
width, formed integrally with the surface of the outer cir- 
cumferential portion 105o, and likewise, the rotor-side 
elastic member 106e includes an annular protrusion 
1 06p with a narrow width, formed integrally with the sur- 

45 face of the outer circumferential portion 106o. These 
protrusions 105p and 106p are identical in shape and 
arranged opposite each other. When the stator- and 
rotor-side elastic members 105e and 106e were 
pressed together with their entire surfaces contacting 

so each other, most of the vibrations at the exciting side 
would be transmitted to the other side and the amount 
of displacement of the traveling wave would decrease, 
but here, the protrusions 105p and 106p formed on the 
stator-and rotor-side elastic members 105e and 106e 

55 serve to prevent the contact faces from spreading over 
the entire surfaces, as a result of which the proper 
traveling wave can be maintained on the stator- and 
rotor-side protrusions 1 05p and 1 06p. 
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[0104] An annular buffering friction member 112 
formed, for example, from a resin or the like is inter- 
posed between the stator-:r ; de protrusion 1 05p and the 
rotor-side protrusion 106p, and these protrusions are 
hetd pressed on the buffering friction member 112. That 
is, the rotor-side protrusion 1 06p is pressed against the 
stator-side protrusion 105p via the buffering friction 
member 112 by the elastic force of the Belleville spring 
122. 

[0105] The buffering friction member 112 here per- 
forms the function of a vibration low pass filter, and acts 
to make it difficult for the traveling wave generated on 
the stator-side protrusion 1 05p or the rotor-side protru- 
sion 106p to be transmitted to the other side, thus pre- 
venting interference between the traveling wave on the 
stator-side elastic member 105e and the traveling wave 
on the rotor-side elastic member 106e and ensuring 
generation of the proper traveling wave on each side, 
while at the same time, preventing the metal portions 
(the protrusions 105p and 106p) from directly contact- 
ing each other, thereby avoiding the generation of 
abnormal noise and improving the durability of the 
press-contact faces. Here, the buffering friction member 
112 may be fixed to one or the other of the protrusions, 
or may be just interposed between the protrusions 1 05p 
and 106p without being fixed to either of them. 
[0106] It should particularly be noted in the present 
embodiment that the space Y formed between the 
opposing stator- and rotor-side recessed portions 105s 
and 106s is utilized to accommodate the non-contact 
rotary power feed unit 1 21 used as the rotor power feed 
unit. In the present embodiment, a rotary transformer is 
used for the non-contact power feed unit 121. 
[0107] The rotary transformer 121 comprises an 
annular stator-side core 140 and a rotor-side core 141 
identical in shape to the stator-side core 140 and dis- 
posed opposite it. The stator-side core 1 40 is bonded to 
the upper surface of an annular core plate 131 press-fit- 
ted to the inner circumferential face of the inner circum- 
ferential portion 105i of the stator-side elastic member 
105e, while the rotor-side core 141 is bonded to the 
back surface of an annular third flange portion 132 
formed between the first and second flange portions 
1 24 and 129 of the rotating shaft 1 04. The gap between 
the stator-side core 140 and the rotor-side core 141 is 
set at a predetermined value defined by the thickness of 
the gap ring 127. 

[0108] Four annular grooves are formed in concen- 
tric fashion on each of the stator- and rotor-side cores 
141 and 142, with the annular grooves on one side fac- 
ing the corresponding annular grooves on the other 
side, and stator-side coils 141a to 141 d and rotor-side 
coils 142a to 142d are Jisposed in the respective 
grooves. The stator-side coils 141a and 141b are pri- 
mary coils, the former for supplying a first component of 
a second drive signal and the latter for supplying a sec- 
ond component of the second drive signal, and the sta- 
tor-side coils 141c and 141d are a primary coil for 



grounding and a spare primary coil used when the 
motor is a three-phase ultrasonic motor. The rotor-side 
coils 1 42a to 1 42d facing these stator-side coils 1 41 a to 
141 d are a secondary coil for supplying the first compo- 

5 nent of . the second drive signal, a secondary coil for 
supplying the second component of the second drive 
signal, a secondary coil for grounding, and a spare sec- 
ondary coil, respectively. Preferably, the first and sec- 
ond components are sine waves, 90 degrees apart in 

10 phase, but they may be supplied as rectangular waves. 
[0109] Fig. 11 is a plan view showing one side of 
the stator-side vibrator 1 05v or the rotor-side vibrator 
106v. The vibrator 105v or 106v comprises an annular 
piezoelectric ceramic plate CM, and four first electrodes 

is S1 to S4 and four second electrodes C1 to C4 formed 
on one side of the piezoelectric ceramic plate CM. The 
first electrodes S1 to S4 and C1 to C4 are equally 
spaced apart by 36 degrees in terms of mechanical 
angle so that the vibrator generates a standing wave of 

20 five wavelengths (5A.) around the entire circumference. 
The first electrodes S1 to S4 and the second electrodes 
C1 to C4 are polarized in advance so that the polariza- 
tion direction across the thickness reverses between 
adjacent regions (as marked with + and - in the figure). 

25 The electrodes S1 to S4 and C1 to C4 are formed with- 
out leaving any gap to the inner circumferential edge or 
outer circumferential edge of the annular piezoelectric 
ceramic plate CM. 

[01 1 0] Fig. 1 2 is a plan view showing the other side 

30 of the stator-side vibrator 1 05v or the rotor-side vibrator 
106v. On the other side of the piezoelectric ceramic 
plate CM are formed a first-side electrode SS opposite 
the entire region where the electrodes S1 to S4 are 
formed on the one side of the piezoelectric ceramic 

35 plate CM, and a second-side electrode CC opposite the 
entire region where the second electrodes C1 to C4 are 
formed on the one side of the piezoelectric ceramic 
plate CM. Between the first-side electrode SS and the 
second-side electrode CC are formed feedback elec- 

40 trodes FB and FB' opposing each other and each hav- 
ing an angle of 1 8 degrees in terms of mechanical angle 
or 90 degrees in terms of electrical angle. 
[0111] Referring back to Fig. 10, the entire surface 
of the one side of the stator-side vibrator 105v is bonded 

45 to the back surface of the metal elastic member 1 05e by 
means of an adhesive or a conductive adhesive. Gener- 
ally, even when a non -conductive adhesive is used, 
electrical conduction occurs between the two members 
with microscopic roughened portions on the machined 

so surfaces contacting each other because the adhesive 
thickness is thin. The metal elastic member 105e is con- 
nected electrically to the mounting base 103, and as a 
result, the electrodes S1 to S4, FB, and C1 to C4 
formed on the one side of the stator-side vibrator 105v 

55 are connected to ground. 

[0112] On the other hand, the first-side electrode 
SS and second-side electrode CC of the stator-side 
vibrator 105v are connected to a drive circuit 116. 
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[0113] The drive circuit 116 applies, between the 
ground and the first-side electrode SS of the stator-side 
vibrator 1 05v, a sinusoidal voltage signal as a first com- 
ponent of a first drive signal and, between the ground 
and the second-side electrode CC, a sinusoidal voltage 5 
signal as a second component of the first drive signal 
which has a 90-degree phase uifference with respect to 
the first component. The drive circuit 1 6 is supplied with 
a piezoelectric voltage signal representing the displace- 
ment detection signal produced between the feedback w 
electrodes FB and FB" in response to the amount of dis- 
placement of the vibrator 5v and, based on the supplied 
displacement detection signal, the phase and frequency 
of the sinusoidal voltage signals to be supplied to the 
stator-side vibrator 1 05v are maintained constant. 15 
[0114] On the other hand, the entire surface of the 
one side of the rotor-side vibrator 106v is bonded to the 
back surface of the metal elastic member 106e by 
means of an adhesive or a conductive adhesive. The 
metal elastic member 106e is electrically connected to 20 
the mounting base 103 via internal wiring 114c, rotor- 
side coil 142c, stator-side coil 141c, and internal wiring 
114cc electrically connected in sequence to the metal 
elastic member 1 06e, and as a result, the electrodes S1 
to S4, FB, and C1 to C4 formed on the one side of the 25 
rotor-side vibrator 106v are connected to ground. 
[0115] On the other hand, the first-side electrode 
SS of the rotor-side vibrator 106v is connected to the 
drive circuit 1 16 via internal wiring 1 14a, rotor-side coil 
142a, and stator-side coil 141a electrically connected in 30 
sequence to the first-side electrode SS. The second- 
side electrode CC of the rotor-side vibrator 1 06v is con- 
nected to the drive circuit 1 16 via internal wiring 1 14b, 
rotor-side coil 142b, and stator-side coil 141b electri- 
cally connected in sequence to the second-side elec- 35 
trode CC. 

[0116] The drive circuit 116 applies, between the 
ground and the first-side electrode SS of the rotor-side 
vibrator 106v, a sinusoidal voltage signal as the first 
component of the second drive signal and, between the 40 
ground and the second-side electrode CC, a sinusoidal 
voltage signal as the second component of the second 
drive signal which has a 90-degree phase difference 
with respect to the first component. 

[0117] Next, the operation of the thus constructed 45 
ultrasonic motor will be described in further detail along 
with the operation of the drive circuit 1 1 6. When the first 
drive power as the first component of the first drive sig- 
nal is supplied from the drive circuit 1 16 to the first-side 
electrode SS of the vibrator 5v, the vibrator 105v is so 
excited and a standing wave of five wavelengths is gen- 
erated on the surface of the elastic member along the 
circumference direction thereof. 
[0118] Here, since the outer circumferential portion 
1 05o to which the vibrator 105v is bonded is allowed to ss 
vibrate by the presence of the thin middle portion 1 05m, 
as earlier described, the standing wave is generated on 
the surface of the outer circumferential portion 105o of 



the stator 105. 

[0119] When the second drive power as the second 
component of the first drive signal, which has a 90- 
degree phase difference with respect to the first drive 
power, is supplied to the second-side electrode CC, a 
standing wave of five wavelengths is generated on the 
surface of the outer circumferential portion 1 05o of the 
stator 105 along the circumference direction thereof. 
Since the first-side electrode SS and the second-side 
electrode CC are spaced apart from each other by 90 
degrees in terms of electrical angle, as earlier noted, 
the two standing waves are 90 degrees apart in phase. 
[0120] Accordingly, when the first drive power and 
second drive power from the drive circuit 116 are simul- 
taneously supplied to the stator-side vibrator 105v, a 
traveling rotational wave due to the sum wave is gener- 
ated on the surface of the outer circumferential portion 
105o of the stator 105. Likewise, when the first drive 
power and second drive power are simultaneously sup- 
plied to the rotor-side vibrator 106v via the rotary trans- 
former 121, a traveling rotational wave due to the sum 
wave is generated on the surface of the outer circumfer- 
ential portion 106o of the rotor 106. 
[0121] In the present embodiment, the control cir- 
cuit 117 first controls the drive circuit 116 so that the 
drive circuit 1 1 6 supplies the two-phase first drive signal 
of frequency f to the stator-side vibrator 105v and the 
two-phase second drive signal of the same frequency f 
to the rotor-side vibrator 1 06v. 

[0122] Since the stator 105 and rotor 106 have the 
same natural frequency of vibration, as earlier noted, 
when the frequency f is set equal or nearly equal to the 
natural frequency of vibration of the stator 1 05 and rotor 
106, the traveling wave A generated on the protrusion 
105p of the stator-side outer circumferential portion 
105o becomes identical with the traveling wave B gen- 
erated on the protrusion 1 06p of the rotor-side outer cir- 
cumferential portion 1 060, and the two waves thus lock 
with each other, as shown in Fig. 13, just as gears 
engage with each other. As a result, the rotor 106 is 
locked in the stopped condition. In the present embodi- 
ment, the frequency f is set, for example, to 50 kHz. 
[01 23] In this condition, when the control circuit 1 1 7 
controls the drive circuit 1 1 6 so that the drive circuit 1 1 6 
supplies the two-phase first drive signal of frequency f to 
the stator-side vibrator 1 05v and the two-phase second 
drive signal of frequency (f+Af) to the rotor-side vibrator 
106v, then the rotor-side traveling wave B tries to 
advance relative to the stator-side traveling wave A with 
the two waves engaging with each other, as a result of 
which the engagement lock position of the traveling 
waves A and B moves in the propagating direction of the 
traveling waves, causing the rotor 1 06 to rotate in the 
forward direction while the stator 105 is held stationary. 
[0124] On the other hand, when the control circuit 
1 1 7 controls the drive circuit 1 1 6 so that the drive circuit 
116 supplies the two-phase first drive signal of fre- 
quency f to the stator-side vibrator 1 05v and the two- 
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phase second drive signal of frequency (f-Af) to the 
rotor-side vibrator 106v, then the rotor-side traveling 
wave B tries to lag relative to the stator-side traveling 
wave A with the two waves engaging with each other, as 
—a result of which the engagement lock position of the 
traveling waves A and B moves in the direction opposite 
to the propagating direction of the traveling waves, 
causing the rotor 106 to rotate in the backward direction 
while the stator 105 is held stationary. 
[0125] Furthermore, when the amount of the fre- 
quency change, ±Af» is increased or decreased, the 
rotational speed of the rotor 106 increases or 
decreases. The rotational speed (rpm) defined by the 
value of ±Af indicates the synchronous rotational speed 
determined by 60 x Af/wavelength, for example, in the 
five-wave type of Fig. 1 1 , 60 x 1/5 = 1 2 rpm when Af is 
1 Hz. 

[0126] As described above, in the present embodi- 
ment, the two elastic members 105e and 106e are 
made identical in shape so that the stator 105 and rotor 
106 will have the same natural frequency of vibration, 
and as a result, when signals whose frequencies are 
equal to or nearly equal to the resonant frequency of the 
stator 105 and rotor 106 are supplied to the respective 
vibrators 105v and 106v, the generated traveling waves 
A and B lock with each other, just as gears engage with 
each other, thus locking the rotor 106 in the stopped 
condition, and when the phase of one signal is shifted in 
the positive or negative direction with respect to the 
phase of the other signal, the engagement lock position 
shifts in the forward or backward direction and, by 
repeating this shift operation, the rotor 1 06 is caused to 
rotate in the forward or backward direction. 
[0127] In this way, in the ultrasonic motor whose 
stator 105 and rotor 106 are provided with the respec- 
tive vibrators 105v and 1 06v, when the two elastic mem- 
bers 105e and 106e are made identical in shape, the 
rotation of the rotor 106 can be regulated in a well con- 
trolled manner. 

[0128] It must be noted, however, that the natural 
frequencies of the stator 105 and rotor 106 shift 
because of changes in temperature, humidity, load, 
applied pressure, drive power, etc., and when there is a 
difference in amount of shift in the natural frequency 
between the stator 1 05 and rotor 1 06, the locked condi- 
tion of the traveling waves A and B could not be main- 
tained, but since the two vibrators 105v and 106v are 
formed into the same shape and of the same material, 
and since the two elastic members 105e and 106e are 
also formed into the same shape and of the same mate- 
rial, their natural frequencies of vibration are shifted in 
the same direction by the same amount. 
[0129] Thus, according to the present embodiment, 
the rotor 1 06 can be regulated at all times in a well con- 
trolled manner by maintaining the traveling waves A and 
B in the properly locked condition. 
[0130] Furthermore, since the same components 
can be used between the vibrators 1 05v and 1 06v and 



between the elastic members 105e and 106e, their 
costs can be reduced. 

[0131] Moreover, according to the present embodi- 
ment, since the space Y formed between the opposing 

5 recessed portions 105s and 106s of the elastic mem- 
bers 105e and 106e of the same shape is utilized to 
accommodate the rotary transformer 121 used as the 
power feed unit for supplying a signal of prescribed fre- 
quency to the rotor-side vibrator 106v, not only can the 

10 size of the motor be reduced in the axial direction com- 
pared with the prior art, but also the need for the match- 
ing between the cover 120 and the motor mechanism, 
which is difficult to achieve, is eliminated, contributing to 
the reduction of the manufacturing costs. 

is [0132] Fig. 14 is a cross sectional side elevation 
view showing an ultrasonic motor according to a third 
embodiment. The ultrasonic motor of the third embodi- 
ment differs from that of the second embodiment in that 
the Belleville spring 122 is replaced by a compression 

20 spring 144 as the biasing means for pressing the stator 
and rotor together, and in that the rotating shaft 104 is 
supported on a single bearing 107a. With these 
changes, various modifications are made. 
[0133] That is, the bearing 107a is fixedly fitted in 

25 the mounting base 103 and the inner circumferential 
portion 105i of the stator-side elastic member 105e, and 
the rotating shaft 104 is rotatably supported on this 
bearing 107a. The rotating shaft 104 has only one 
flange portion 143 in an upper part thereof, and the 

30 inner circumferential portion 106i of the rotor-side elas- 
tic member 106e is press-fitted onto this flange portion 
143. 

[01 34] The lower part of the rotating shaft 1 04 is fit- 
ted with a snap ring 127 such as a C-ring, and the com- 

35 pression spring 1 44 is disposed between the snap ring 
127 and the bearing 107a via a bush 128. The rotating 
shaft 104 and the rotor 1 06 are at all times biased down- 
ward by the compression spring 144, and the stator- 
side protrusion 1 05p and the rotor-side protrusion 1 06p 

40 are pressed against each other via the buffering friction 
material 1 12, as in the second embodiment. 
[0135] As in the second embodiment, the stator- 
side core 140 is bonded to the upper surface of the 
inner circumferential portion 105i of the stator-side elas- 

45 tic member 105e, and the rotor-side core 141 to the 
back surface of the inner circumferential portion 106i of 
the rotor-side elastic member 106e, and the rotary 
transformer 121 is disposed utilizing the space Y. 
[01 36] It will be appreciated that the same effect as 

so obtained in the second embodiment cart be achieved 
with the above construction. 

[0137] Fig. 15 is a cross sectional side elevation 
view showing an ultrasonic motor according to a fourth 
embodiment. The ultrasonic motor of the fourth embod- 
55 iment differs from that of the third embodiment in that 
the non-contact rotary power feed unit 121 is replaced 
by a contact rotary power feed unit, i.e., a brush contact 
power feed unit 151, as the rotor power feed unit dis- 
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posed in the space Y. 

[0138] The brush contact power feed unit 1 51 com- 
prises a stator-side power feed unit 151 A and a rotor- 
side power feed unit 151B. The rotor-side power feed 
unit 151B comprises an annular base 154 fixed to the 5 
back surface of the inner circumferential portion 1 06i of 
the rotor-side elastic member 106e so as to be coaxial 
with the rotating shaft 1 04, and four annular conductors 
155a to 155d formed in concentric fashion on the back 
surface of the base 1 54. 10 
[0139] On the other hand, the stator-side power 
feed unit 151 A comprises a brush base 152 fixed to the 
upper surface of the inner circumferential portion 105i of 
the stator-side elastic member 105e so as to face a por- 
tion of the annular base 154, and four positive conduc- is 
tive brushes 153a to 153d attached to the upper surface 
of the brush base 1 52 and contacting the respective 
conductors 155a to 155d in rubbing fashion. The posi- 
tive conductive brushes 153a to 153d are, respectively, 
a brush for supplying the first component of the second 20 
drive signal, a brush for supplying the second compo- 
nent of the second drive signal, a grounding brush, and 
a spare brush. 

[0140] The first-side electrode SS of the rotor-side 
vibrator 1 06v is connected to the drive circuit 1 1 6 via the 25 
internal wiring 114a, conductor 155a, and conductive 
brush 153a electrically connected in sequence to the 
first-side electrode SS. The second-side electrode CC 
of the rotor-side vibrator 1 06v is connected to the drive 
circuit 116 via the internal wiring 114b, conductor 155b, 30 
and conductive brush 153b electrically connected in 
sequence to the second-side electrode CC. The elec- 
trodes S1 to S4, FB, and C1 to C4 formed on one side 
(underside in the figure) of the rotor-side vibrator 106v 
are electrically connected to the mounting base 103, 35 
and hence to ground, via the metal elastic member 
106e, internal wiring 114c, conductor 155c, conductive 
brush 153c, and internal wiring 114cc electrically con- 
nected in sequence to these electrodes. 
[01 41 ] It will be appreciated that the same effect as *o 
obtained in the third embodiment can be achieved with 
the above construction. 

[0142] The present invention has been described 
above in connection with the preferred embodiments 
thereof, but the invention is not limited to the particular 45 
embodiments described above, and it will be recognized 
that various modifications can be made without depart- 
ing from the scope of the invention, for example, in the 
fourth embodiment, the conductive brushes 153a to 
153d are fixed to the stator side and the conductors so 
155a to 155d to the rotor side, but conversely, the con- 
ductive brushes 153a to 153d may be fixed to the rotor 
side and the conductors 1 55a to 1 55d to the stator side. 
[0143] Further, the above embodiments have been 
described as applied to ultrasonic motors which gener- 55 
ate traveling waves by applying two-phase drive signals, 
but these embodiment are equally applicable to ultra- 
sonic motors which generate traveling waves by apply- 



ing three-phase drive signals. In fact, in the above 
embodiments, the spare coils 141d and 142d or the 
spare brush 153d and spare conductor 155d are 
Included, as described above, to provide for three- 
phase drive signals. 

ADVANTAGEOUS EFFECTS OF THE INVENTION 

[0144] As described in detail above, according to 
the present invention, since power is supplied to the 
rotor-side vibrating element using a rotary transformer 
and thus achieving a space saving, stable, and non- 
contact power feed construction, a compact and high- 
output ultrasonic motor can be realized. 
[0145] When driving the rotor-side vibrating ele- 
ment with N-phase drive power, since, of the plurality of 
concentrically arranged transformer circuits, N trans- 
former circuits starting from the outermost transformer 
circuit are used to supply power, the unbalance 
between each phase of the drive power can be sup- 
pressed. 

[0146] Further, by using a rotary transformer whose 
step-up ratio Nr is larger than 1 , the rotary transformer 
can be used as a substitution for a fixed transformer for 
the rotor-side vibrating element, and thus the number of 
components can be reduced. 

[01 47] Moreover, by setting the ratio Nr/Ns between 
the step-up ratio Nr of the rotary transformer and the 
step-up ratio Ns of the fixed transformer for the stator- 
side vibrating element within the range of 0.5 to 2, the 
unbalance of the supply power or drive voltages to the 
stator-side and rotor-side vibrating elements can be 
eliminated. 

[0148] Furthermore, according to the ultrasonic 
motor of the invention, since the two elastic members 
are made substantially identical in shape, the stator and 
rotor can be constructed to have the same natural fre- 
quency of vibration. Accordingly, by supplying signals 
whose frequencies are equal to or nearly equal to the 
resonant frequency of the stator and rotor to the respec- 
tive vibrators, the traveling waves generated on their 
press-contact faces can be made to lock with each 
other. As a result, by successively shifting the engage- 
ment lock position of the traveling waves, the rotation of 
the rotor can be regulated in a well controlled manner. 
[01 49] Further, since the space formed between the 
opposing recessed portions of the elastic members is 
utilized to accommodate the power feed unit for supply- 
ing a signal of prescribed frequency to the rotor-side 
vibrator thus eliminating the need for particularly provid- 
ing a space for accommodating the power feed unit 
along the axial direction of the motor, not only can the 
size of the motor be reduced in the axial direction com- 
pared with the prior art, but also the need for the match- 
ing between the cover and the motor mechanism, which 
is difficult to achieve, is eliminated, contributing to 
reducing the manufacturing costs. Furthermore, since 
the same components can be used between the 
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respective elastic members, their costs can be reduced. 
Claims 

1. An ultrasonic motor comprising: 5 

a stator-side elastic member having a rotation- 
ally symmetrical press-contact face; 
a rotor-side elastic member having a rotation- 
ally symmetrical press-contact face facing the 10 
press-contact face of the stator-side elastic 
member, the rotor-side elastic member being 
supported so as to be angularly displaceable 
about a rotation symmetry axis; 
a stator-side vibrating element for generating a is 
rotational displacement wave of frequency Fs 
on the press-contact face of the stator-side 
elastic member; 

a rotor-side vibrating element for generating a 
rotational displacement wave of frequency Fr 20 
on the press-contact face of the rotor-side elas- 
tic member, the rotor-side elastic member 
being angularly displaced at a rotational speed 
proportional to a frequency difference AF 
between the frequency Fs and the frequency 25 
Fr; and 

a rotary transformer for supplying drive power 
having a phase difference equivalent to N 
phases (N is an integer equal to or more than 
2) to the rotor-side vibrating element which is 30 
angularly displaced together with the rotor-side 
elastic member, the rotary transformer includ- 
ing more than N transformer circuits concentri- 
cally arranged, N transformer circuits which are 
sequentially arranged inwardly from an outer- 35 
most one being used as drive power trans- 
former circuits. 

2. The ultrasonic motor of claim 1, wherein an inner- 
most one of the transformer circuits is used as a 40 
detection signal transformer circuit for transmitting 

a detection signal resulting from the detection of the 
rotational displacement wave generated on the 
press-contact face of the rotor-side elastic member. 

45 

3. The ultrasonic motor of claim 2, wherein the stator- 
side vibrating element and the rotor-side vibrating 
element, respectively, are rotationally symmetrical 
piezoelectric elements attached to surfaces of the 
stator-side and rotor-side elastic members, which so 
surfaces are opposite to the press-contact faces 
thereof, 

first and second drive electrodes for two-phase 
driving and a monitor electrode for detecting a 55 
vibrating wave are formed on a surface of each 
of the piezoelectric elements, 
the first and second drive electrodes are 



respectively connected to the drive power 
transformer circuits, and the monitor electrode 
is connected to the detection signal trans- 
former circuit. 

4. The ultrasonic motor of claim 3, wherein a non- 
magnetic material for suppressing magnetic cou- 
pling is interposed between a detection core form- 
ing the detection signal transformer circuit and a 
drive core forming the drive power transformer cir- 
cuits. 

5. An ultrasonic motor comprising: 

a stator-side elastic member having a rotation- 
ally symmetrical press-contact face; 
a rotor-side elastic member having a rotation- 
ally symmetrical press-contact face facing the 
press-contact face of the stator-side elastic 
member, the rotor-side elastic member being 
supported so as to be angularly displaceable 
about a rotation symmetry axis; 
a rotor-side vibrating element for generating a 
rotational displacement wave on the press-con- 
tact face of the rotor-side elastic member, the 
rotor-side elastic member being angularly dis- 
placed by the rotational displacement wave; 
and 

a rotary transformer for supplying drive power 
having a phase difference equivalent to N 
phases (N is an integer equal to or more than 
2) to the rotor-side vibrating element which is 
angularly displaced together with the rotor-side 
elastic member, 

the rotary transformer including more than N 
transformer circuits concentrically arranged, N 
transformer circuits which are sequentially 
arranged inwardly from an outermost one 
being used as drive power transformer circuits. 

6. An ultrasonic motor comprising: 

a stator-side elastic member having a rotation - 
ally symmetrical press-contact face; 
a rotor-side elastic member having a rotation- 
ally symmetrical press-contact face facing the 
press-contact face of the stator-side elastic 
member, the rotor-side elastic member being 
supported so as to be angularly displaceable 
about a rotation symmetry axis; 
a stator-side vibrating element for generating a 
rotational displacement wave of frequency Fs 
on the press-contact face of the stator-side 
elastic member; 

a rotor-side vibrating element for generating a 
rotational displacement wave of frequency Fr 
on the press-contact face of the rotor-side elas- 
tic member, the rotor-side elastic member 
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being angularly displaced at a rotational speed 
proportional to a frequency difference AF 
between the frequency Fs and the frequency 
Fr; and 

a "rotary transformer, disposed on the rotation 5 
symmetry axis side with respect to the press- 
contact faces of the stator-and rotor-side elas- 
tic members, for supplying power to the rotor- 
side vibrating element which is angularly dis- 
placed together with the rotor-side elastic io 
member, 

a step-up ratio Nr of the rotary transformer 
being larger than 1. 

7. The ultrasonic motor of claim 6, further comprising: is 

a fixed transformer for supplying power to the 
stator-side vibrating element, 
wherein a ratio Nr/Ns between the step -up ratio 
Nr of the rotary transformer and the step-up 20 
ratio Ns of the fixed transformer satisfies a rela- 
tion of 0.5 s Nr/Ns £ 2. 

8. An ultrasonic motor comprising: 

25 

a stator-side elastic member having a rotation - 
ally symmetrical press-contact face; 
a rotor-side elastic member having a rotation- 
ally symmetrical press-contact face facing the 
press-contact face of the stator-side elastic 30 
member, the rotor-side elastic member being 
supported so as to be angularly displaceable 
about a rotation symmetry axis; 
a rotor-side vibrating element for generating a 
rotational displacement wave on the press-con- 35 
tact face of the rotor-side elastic member, the 
rotor-side elastic member being angularly dis- 
placed by the rotational displacement wave; 
and 

a rotary transformer for supplying power to the <o 
rotor-side vibrating element which is angularly 
displaced together with the rotor-side elastic 
member, 

a step- up ratio Nr of the rotary transformer 
being larger than 1. ■« 

9. An ultrasonic motor comprising: 

a stator having a stator-side elastic member 
and a stator-side vibrator attached to the sta- so 
tor-side elastic member; and 
a rotor having a rotor-side elastic member fac- 
ing and pressed against the stator-side elastic 
member and a rotor-side vibrator attached to 
the rotor-side elastic member, ss 
the vibrators being caused to vibrate by supply- 
ing signals of prescribed frequency to the 
respective vibrators, 



the rotor being driven by means of traveling 
waves generated on the press-contact faces of 
the respective elastic members by the vibra- 
tions, 

wherein the stator-side elastic member and the 
rotor-side elastic members are respectively 
provided with recessed portions opposing each 
other and are formed into substantially the 
same shape, and a power feed unit for supply- 
ing the signal of the prescribed frequency to 
the rotor-side vibrator is disposed within a 
space formed between the opposing recessed 
portions. 

10. The ultrasonic motor of claim 9, wherein the power 
feed unit is a rotary transformer. 

11. The ultrasonic motor of claim 9, wherein the power 
feed unit is a brush contact power feed unit com- 
prising a conductive brush attached to either the 
stator or rotor side and a conductor provided at the 
other side, for contacting the conductive brushes in 
rubbing fashion. 
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